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Abstract 
This rep.art documents an investigation of the feasibility 
of coating concrete prior to the standard 28-day curing 
period. The results of the investigation aid in determining 
a standardized method for the assessment of the readiness of 
a newly placed concrete surface for coating. Such a 
standardized method permits a compaction of construction 
schedule, resulting from an earlier coatii1g time, and leads to 
a savings in construction costs. 
s~veral parameters influence or reflect the 
concrete/boating system integrity, and were monitored in the 
research program. 
-These parameters include the age of 
concrete at the time of coating application, relative humidity 
at tim~ of coating, compressive strength and surface hardness 
of concrete, abrasive resistance of the concrete/coating 
system, and adhesive properties of the co~ting to the concrete 
surface .. A program involving the monitoring of these 
parameters on a time-dependent basis was implemented for three 
different types of.industrial floor coatings: a two-part, hi~h 
solids epoxy mastic coating, a clear urethane coating, and a 
water-based epoxy coating. 
The outcome of this investigation indicates that the 
possibility of coating concrete prior to the standa.rd 28-day 
cure period is promising. The results demonstrate that early 
~oating does not adversely effect the concrete surface and 
strength properties, but the adhesive properties of the 
1 
f 
coating were adversely affected at coating times earlier than 
an approximate concrete age of 15 days. 
2 
Chapter 1: 
Background and Experimental Program 
3 
I. Parameters Affecting System Iritegrity .. 
During the formulation of the research program, several 
parameters were chosen to characterize the concrete/coatihg 
system integrity. These were coating adhesive strength, 
concrete compressive strength, surface hardness, and abrasion 
resistance. It was felt ·t~at if any one of these parameters 
was significantly decreased below an acc;:eptable level, the 
integrity and longevity of the system would be placed in 
jeopardy. One of the program objectives was to provide 
recommendations for lower bound acceptability limits for each 
-of these parameters. 
Factors affecting each of these parameters were 
considered in the,.,Program formulation. The surface moisture 
of concrete at the time of coating was likely the most 
influential factor affecting the coating adhesive strength. 
The surface moisture was influenced by the maturity of 
concrete and the ambient relative humidity of the laboratory. 
The rate of maturation of concrete was assumed the same for 
each concrete batch used for the three types of coating 
materials. The ambient relative humidity value was measured 
and record~d at the time of coating application, however no 
control was exercised over the humidity level in the test 
laboratory. 
Surface preparation in£iuences coating adhesive strength 
as well a~ surface hardness and abrasion resistance of the 
system. A single ·surface preparation method was specified 
4 
which consisted of a smooth ste_el finish afte·t~ placement 
fol--iowed by ASTM Standard D4260 acid etching with a low-
concentration hydrochloric ~cid solution (ASTM D4260-83). 
Concrete strength is affected by many factors, but 
primarily by the ratios of the various mix ingredients .. The 
strength was kept constant by utilizing the same mix, designed 
t~ produce a 28-day compressive st~ength of 4000 psi, for all 
"' 
coating types. Time plays a major role in the variation of 
concrete· strength. As such,. the concrete batch strength was 
monitored over time. Temperature and water availability of 
the surrounding environment during the curing proc~ss also 
in!l uence the concrete strength. All batches of concrete 
were stored under identical water availability conditions for· 
the first seven days of curing and then subjected to_ 
rel_atively similar temperature and water availability 
conditions thereafter. 
5 
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II. Test Methods Utilized 
A. Pull-Off Adhesion Test 
ASTM Standard 04541, "Standard Method for Pull-Off 
Strength of Coatings Using Portable Adhesion Testers,'' was 
used to monitor adhesion strength of the coating applied at 
different ages of concrete (ASTM 04541-85'). This method 
primarily provides a measure of coating tensile capacity over 
approximately one-h~lf square inch of coating area. The 
reading is obtained through use of a fixed alignment adhesion 
tester: in this case, the Elcometer Adhesion Tester shown in 
figure 1, having a range of 0-1000 psi. 
A circular, O. 8-inch diameter, sand-blasted aluminum test 
dolly ·is affixed to the coating surface via a high-strength 
adhesive, after the surface is first cleaned of debris and 
other potential contaminants. The high-strength adhesive 
used. wa·s Scotch Weid Adhesive 1838 B/A, manufactured by the 3M 
Company. The adhesive is allowed approximately 12 hours to 
cure. The Elcometer Tester is then concentrically situated 
over the dolly, with care be~ng taken to assure that the three 
feet cif the apparatus are placed in such a manner as to 
provide a perpendicular alignment of the tester to the cbated 
surface and dolly. The stress indicator is set to zero and 
the clearance between the loading fixture and the test dolly 
is·reduced to zero. As shown in Figure 2, the test is begun 
by turning the :handwheel of the Elcometer tester at a rate not 
to exceed 150 psi/sec, in as smooth and continuous a manner as 
6 
possible. The tensile force on the dolly is increa~ed until 
failure occurs, at.which time the maximum stress is recorded 
by reading the value at the bottom of the stress indicator. 
ASTM recommends that three such tests be performed on 
each specimen in order to statistically characterize the data. 
Additionally, it is recommended that an estimate of the 
percentag~ of adhesive versus cohesive strength of the coating 
be made in order to make a better judgment regarding the 
actual adhesive properties of the substrate/coating ~ystem. 
B. Rebound Number of Concrete 
To-monitor the condrete strength of uncoated specimens 
over· time and to co~pare concrete strength values between i 
coated specimens coated on different days, AS'rM Standard C805, 
"Standard Test Method for Rebound Number of Hardened 
~., 
Concrete," was Uped (ASTM C805-85). 
This method is· used to determine the uniformity of the 
concrete as well as its gain of strength over time due to the 
continuation of the hydr~t!on process. The rebound number 
readings will be correlated with companicin compressive 
cylind.er test results. Correlation. is intended to provide a 
calibration for measure~ents from concrete having a similar 
surface finish. The surface hardness of the co.ncrete is 
likely to affect the rebound msasur~ments. 
The readings- are obtained through use of a Rebound 
Hammer, commonly known as a Schmidt Hammer, which is shown in. 
7 
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Figure 3. · This instrument consists of a spring-loaded hammer 
which q.pon release travels at a fixed velocity and strikes a 
steel plunger which perpendicularly contacts the concrete 
surface. The hammer then rebounds and its rebound distance 
( numbej:·) is recorded. This distance is directly related to 
the concrete surface hardness, which is related to the 
concretacompressive strength. 
The test is performed by firmly holding the instrument 
perpendicular to the rigidly supported concrete surface, a$ 
shown in Figure 4, and increasing pressure on the plunger 
.;.• 
until the hammer is released. The rebound number is then 
.. 
read and recorded . The test is repeated ten times at 
different locations within a six-inch diameter test area on 
each specimen. 
c. Abrasion Resistance of Concrete 
To. monitor surface .abrasion resistance of the 
•' 
concrete/coating system, ASTM standa~d C779, "Standard Test 
Method for Abrasion Resistance of Horizontal Concrete 
Surfaces," was used (ASTM C779-82) . This test is not 
intended to provide a quantitative m·ea.sure of the expected 
length of service of the tested concrete surface. However, 
it does pro'vide a measure of the relative abrasion resistance 
of these surfaces. 
Procedure C of the Standard, the "Ball Bearings" method, 
was chosen because it ··is the most aggressive of the three 
8 
procedures outlined in the st~ndard and the test apparatus is 
relatively portable. A schematic ·of this equipment is sl)own 
., 
-in Figure 5:·, ·,and a .photograph of the actual machine used in 
the.program can be seen in Figur¢ 6. 
The apparatus consists of a 2-1/2 ·~- diameter race of eight 
23/32" diameter ball bearings rotating under a 27 pound load, 
'• thus providing sliding as well as· impact friction on the 
concrete surface. The- bearings and surface are continually 
flushed with ·water through a hollow, rotating, motor-driven 
vertical shaft. The standard calls for a constant rotational 
speed of 1000 rpm, and the measurement of the wear depth at 50 
.•· 
second time intervais until a maximum wear depth of 0.12", or 
p a total. ti~e-of 1200 seconds, has been reached. The method 
of measurement, dial • shown • operation . a gage, is in in 
. 'i 
Figure 7. A • which has been subj·ected to the specimen 
abrasion test can be • Figure 8. In the tests reported se~n in 
here, it was necessary to modify the rotational shaft speed to 
3 7 5 rpm and the d·epth reading time i_ptervals to 15 seconds. 
The test was repeated three times to statistically 
characterize the data as per ASTM recommendations. 
D. Concrete Compressive Cylinder Test 
~ To monitor the change of concrete b~tch strength over 
time, ASTM Standard C39, "Standard Test Method for Concrete 
Compressive strength," was used (ASTM C39-86). The test 
provides a measure of concrete compressive strength for each 
9 
time the test- was performed. 
The cylinders were prepared -accorqing to ASTM Standard 
Cl92, "Standard Method of Making and Curing Concrete Test 
Specimens in the Laboratory," which requires that a six-inch 
diameter by twelve-inch high concrete cylinder _be cast • in 
three layers of fresh concrete, each layer being tamped 25 
times with a standard rod (ASTM Cl92-88). The concrete was 
allowed to cure in a covered mold for seven days. The mold 
was removed, and the cylinder continued to cure in the ambient 
environment until tested. During the ·test~ a compressive 
axial load was applied at a unifo'bn rate of 20 to 50 psi/sec 
(approximately 1,000 lb/sec) until a maximum load was 
achiev~d. Three cylinder specimens were tested on each test 
date, per ASTM r~comme.ndations, to stJtistically characterize 
the data. 
E. Relative Humidity Monitoring 
To <;ie:termine the - ambient relative humidity of the 
environment in which th·e coating was performed, an electronic 
humidity monitor (Jenway Model HPl Humidity Probe) was used 
before and after the actual coating process. 
Additio;nally, to ensure that the moisture level of the 
specimen surface returned to its i:qj,tial state after the acid 
'" 
etching procedure, the relative humidity of the surface was 
~ead before etching, and monitored hourly until the initial 
reading was reproduced. A damp cloth was laid over the 
10 
humidity probe and allowed to dry du.ring this process to 
ensure that the surf ace humidity, not the amb·ient humidity, 
~ was being monitored. 
11 
III. Research Program 
After ch~racterizing the concrete/coating system and 
associated test methods, a rational research program was 
synthesized. One of the objectives of the program was to 
provide recommendations for a standardized test method to be 
used at the construction site. Therefore, an attempt to 
simulate actual construction practices was made during the 
program formulation. Additionally, one of the criteria in 
selecting the test methods e~ployed was the relative 
transportability .of the testing equipment. 
A test specimen configuration was selected which would 
not only accommodate all planned tests, ·but provide uni..;.. 
directional water egress and also ·be easily transported 
(Reference Figure 9). The requirement of uni-directional 
water egress during the concrete cure, which was considered 
necessary to maximize the effect of moisture on 
. . 
the. 
concrete/coating system integrity, was satisfied by retaining 
the specimen in a piexiglass mold, throughout the duration of 
the study, which would cover all th~ surfaces except the top 
which was to be coated. 
Standard six-inch diameter by twelve-inch h~gh concrete 
cylinders were used to monitor the concrete batch strength 
throughout the duration of the testing program. 
To investigate the conc:r;ete/coating system integrity for 
differ~ht coatings on a time~dependent basis, specimens were 
coated at 1, 3, 7, 14, and 21 days after the concrete had 
12 
attained sufficient strength to allow moisture.:..loss protection 
to be removed. ·Capped plastic molds and sealed polyurethane 
'sheets were used as moisture-loss protection for. the cylinders 
and specimens, respectively, as shown in Figures· 10 and 11. 
The moisture-loss protection period was seven days. 
'·~, 
Consequently, :the last application of coating would occur at 
a concrete age of approximately 28 days, coincident with the 
commonly accepted age for <;:oncrete to reach maturity. 
To prqvide statistical significance for all of the test 
methods to be employed, three specimens were coated at each 
time. Additionally, to ·correlate Rebound Number tes.t data 
with concrete batch strength on each coating day, a fourth 
specimen was fabricated for each coating day, but was left 
uncoated. 
To simulate typica·1 concrete construction practice, seven 
days after the initial concrete placement the compressive 
cylinder tests were performed to determine whether the 
concrete· had attained an acceptable strength to allow removal 
of t~e moisture-loss protection. This removal simulated the 
removal of formwork in the field. The invest.igation would 
have l:>een repeated on subsequent days if required until an 
acceptable strength level was reached. Compressive cylinder 
tests were performed on each coating day to monitor batch 
strength and to provide a basis· for correlation with Rebound 
Numl:.)er test results. Three cylinders were also coated each 
coating day to investigate the effect of early qoating on the 
13 
deyelopment of concrete compressive ·strength. These c·oated 
cylinders ~er~ tested at the end of the investigation period. 
The tests above require a total of 20 specimens and a 
minimum of 33 standard cylinders for the investigation of each 
type of coating. 
·,, 
A total of 50 cylinders were cast for each 
coating to allow for repetitions of the initial investigation 
of batch strength. 
A summa·ry of each part of the test program follows. 
This schedule was repeated for each of the three coatings. 
I 
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Typical Program Sdhedule 
Day o - Concrete Placement 
- 20 specimens and 50 cylinders fabricated 
-
1 Moisture~loss protection installed on all specimens 
and cylinders 
Day 7 - Concrete Strength Investigation 
- Perform Standard Cylinder Compression Tests on 3 
cylinders 
- Remove moisture-loss protection if batch strength 
is acceptable (Repeat if required) 
Day 8 ~ Coating Day 1 
Day 
Day 
Day 
Day 
Day 
- Coat 3 specimens and 3 cylinders 
.---· 
,. - Perform Rebound Number Test on 1 uncoated specimen 
- Perform Standard Cylinder Compression Test on 3 
uncoated cylinders 
10 - Coating Day 3 (Same as Coating Day 1) 
15 - .Coating Day 7 (Sam~ as Coating Day 1.) 
22 - Coating Day 14 (Same as Coating Day 1) 
29 - Coating Day 21 (Same as Coating Day 1) 
30-31 - Final Testing 
- Perform Adhesion, Rebound Number, and ·Abrasion Tests 
on all coated I specimens 
Perform Abrasion Test on uncoated $pecimens 
- Perform :Standard Cylinder Compression Tests on all 
coated and 3 uncoated cylinders 
15 
Chapter 2: 
Results and Discussion 
16 
I. Pull-Off Adhesion Test Results 
The adhesion test was performed on all coated specimens 
at a batch concrete age of 31 days. The adhesion strength 
-·for the three types of coating applied at various concrete 
ages are shown in Figure 12. 
Considerable scatter exists in the results for each 
particular coating type. Such scatter makes it difficult to 
draw quantitat.t·ve conclusions about the effect of coating time 
on coating adhesion strength. The· data· were reevaluated 
using a t$chnique to eliminate possibly divergent readings, 
the results of which were not significant enough to ~arrant \ 
ihclusion (Brumblay) . 
Qualitatively, however, it i.s appa,rent that the nature o·f 
the failures in the adhesion tests for specimens coated at an 
earlier concrete age were less desirable than those of 
specimens coated later. Generally, specimens coated earlier 
produced adhesion-type failures occurring between the coating 
and the concrete substrate surface. In contrast, on 
specimens coated at a later date, cohesive failure seemed to 
occur more frequently within the concrete matrix. This 
general variation of failure mod~ with time of coating can be 
seen in Figures 13 -- 15. Concrete of. the cbmpressi ve 
strength used in this program can be expected to yield tensile 
strengths on the order of 400 - 500 psi. 
An estimate was made visually of the percentage each 
failure mode contributed to the overall concrete/coating 
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system failure and presented in Table 1. The information in 
Figures 13 - 15 and the failure mode estimates indicate that 
coating times after a concrete age of 15 days yield more 
desirable results. 
Several factors exist which, in part, explain the scatter 
of results obtained from each specimen. First, non-
uniformity in coating thickness contributed to a variation of 
the adhesion strength of the coating. A greater coating 
thickness increases the tensile capacity of the coating 
system. Such thickness variations could contribute to the 
disparity in tensile adhesion strength measurements between 
specimens coated on the same day as well ~s those between 
individual measurements o·n one partiqular specimen. The range 
of coating thicknesses at the failure location on each 
specimen was found to be 1 to 3 mils. This range was 
determined by estimating the coating thickness frofu a random· 
sampling of the pull-off adhesion test. dollies examined tinder· 
• a microscope. 
In conjunction with the thickness of the coating, the 
cohesion/adhesion ratio of each coating type causes scatter in 
the pull-off adhesion test results. The ASTM standard 
recommends that an estimate be made of the cohesion 
contribution and the adhesion contr.ibution to the overa11 
tensile strength of the coating. This ratio may be different 
for each coating type and at each test location. When taking 
coating thickness and the predominately adhesive failures into 
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consideration in the evaluation of the infl~ence of this 
factor, these factors could play a major role in explaining 
the variation in results. No estimate of the 
c.ohes4.on/adhesion ratio of the coating itself was madef. 
therefore, no additional conclusions were drawn. , 
Thirdly, th~ alignment of the test apparatus is critical 
in the measurement of the tensile strength. The test 
apparatus used in this investigation did not align easily. 
Although extreme care was exercised in placing the apparatus, 
exact perpendicularity to the specimen surface could not be 
guaranteed. This slight but random deviation could cause a 
correspoDd-ing variation in the test results. 
Finally, the coated concrete surface was not planar and 
contained chinks which the test adhesive was able to fill, 
thus providing mechanical bonding rather than adhesive 
bonding. Therefor~, dependent upon the concrete surface and 
coated surface roughne~ses, this phenomenon would influence· 
the adhesion test results. 
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II. Concrete Compressive Strength Test Results 
A. Uncoated Cyl.inders 
The normal continual gain in concrete strength over time 
was monitored by testing uncoated concrete cylinders on every 
coating day and at a concrete age of 31 days, when all other 
tests were. performed. This trend of increasing strength can 
·be seen in Figure 16. It can be seen that the design 
compressive strength of 4000 psi was achieved for all ,batches 
by a co~crete age of 7 days, thereby allowing the moisture-
loss protection to be removed at that age from all cylinders 
and specimens. 
B. Coated Cylinders 
Three cylinders were coated along with the three 
specimens on each coating day in· Order to directly determine 
the effect that early coati~g would have on the achievement of 
concrete strength. These cylinders were tested at a concrete 
age at 31 days. As can be seen in Figure 17, the results of 
the • compres~1ve cylinder tests on the coated cylinders 
indicate that no significant variation: in concrete compressive 
strength occurred as result· of early coating. 1here is also 
no significant difference b~tween the results of the coated 
and uncoated cylinders. 
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III. Rebound Number Test Results 
A. Uncoated Specimens 
A rebound number test was performed on. one uncoated 
specimen on each coating day in order to correlate results 
with compressive cylinder test readings performed on the same 
day. The correlation of these results can be seen in Figure 
18. The rebound number test seems to be an approximate 
indicator of concrete . . compressive strength. If a more 
sizeable data pool were presented in the figure, a more direct 
det~rmination of a quantitative relationship between rebound 
number and compressive strength could be made. 
Upon comparison of the data shown in Figure 18 with the 
calibration curve shown on the Schmidt Hammer, the curve 
provides an upper bound for most of the correlation data. 
This fa,ct :t 1S expected, considering the maj o.ri ty of the 
correlation data is taken from concrete less than 28 days old, 
the accepted age of concrete maturity. 
The rebound test results are shown in Figure 19. The 
data indicate a general increase in rebound number reading for 
increasing concrete age. Some scatter exists in the d-ata 
which suggests that the rebound number readings may be 
influenced by factors other than solely that of cpmpressive 
strength~ Several of those factors are 4iscussed below. 
Although an attempt was made to provide similar concrete 
finishes for all specimens, the non-uniformity of the concrete 
surface Gondition and the alignment of the apparatus are 
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believed to be primarily responsible for the weakness of 
correlation between the rebound number results and the 
concrete strength. The large number of repetitions (10) 
required within a relatively limited area (6." diameter circle) 
to achieve one average value indicates a recognized property 
regarding the concrete inhomogeneity. Large aggregate 
directly beneath the surface at a blow location may yield an 
inordinately high rebound ·number, whereas a void beneath the 
surface may similarly _yield an unusually low rebound number. 
Any varia~io~ in the perpendicularity of the apparatus 
with the specimen surface would skew res~lts accordingly~ As 
the alignment was done visually in each test, there is the 
possibility that the hammer was not held exactly perpendicular 
., 
->' 
to the concrete surface. Additionally, the lack of completely 
vertical alignment of the hammer could detrimentally -influence 
results, as evidenced by the three different calibration 
curves on the instrument which correspond to the position in 
which the hammer is held during operation. 
B. Coated Specimens 
A rebound number test was performed on all coated 
specimens at a concrete age of 31 days. The results of these 
tests are shown in Figure 20. As discussed in the previous 
section, no precise correlation between rebound number and 
concrete co~pressive strength -results could be established. 
This indirect correlation is clearly demonstrated by the test 
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on the urethane-coated specimens, where a distinctly lower 
rebound number was recorded for specimens coated at .an earlier 
time. However, comparison with Figure 17 reveals that no 
significant reduction in compressive· strength occurred as a 
result of early coating with urethane. The adhesive 
properties of the coating, ·both quant.j.tatively and 
qualttatively, however, did seem to be affected by the early 
coating (Ref. Figures 12 and 14) . Therefore, the lower 
rebound number may reflect the surface properties rather than 
the concrete strength in this case. 
The differences between rebound number and coated 
compressive .strength results for each coating type may be 
explained by the variation in coating characteristics. These 
differences can best be seen between the urethane and water-
based epo;Ky results shown in Figures 17 and 20. The 
compressive strength of cylinders coated with water-based 
epoxy seems to be slightly higher than those coated with 
urethane. However, the rebound number data for specimens 
coated with urethane on later days is generally higher than 
for those coated with water-based epoxy. As the. rebound 
number measurements are obviously sens:i.tive to the surface 
characteristics of the concrete, the differences in the 
resiliency of the co~ting could be expected to play a part in 
causing such disparities. 
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IV. Abrasion Resistance Test Results 
The abrasion test was performed on all specimens, coated 
.and uncoated, at a concrete age of 31 days. ' For comparison 
purposes, it is more convenient to examine average results of 
the several similar specimens. Figures ·21, 22, and 23 
summarize all results for one coating type and show the effect 
of age when the coating was applied. In contrast, Figures 2.4 
to 29 compare the abrasion resistance of the three coating 
types applied at the same concrete age. The results of the 
abrasion tests for each particular coating type f6r a specific 
cbating day ar~ shown separately in Figures 30 - 44. 
The averaged results for the specimens coated with 
solvent-based ·epoxy are shown in Figure 21. As mentioned 
previously, the two batches of concrete used in this part. of 
the study differed somewhat in their composi~ion and 
compressive strength. For the conc~ete batch having a higher 
compressive strength (used for coating days 1, 7 and 21) ., the. 
abrasion resistance is markedly .higher than that for the 
concrete batch having a lower compressive ~trength (used for 
uncoated and coating days 3 and 14). Th¥ correspondence 
indicates that the compressive strength is closely related to 
the ab·rasion resistance properties of. a concret~, as would be r-
expected. 
No consistent trend can be observed regarding the· 
abrasion resistance as it is related to the age of concrete at 
the time of application of the solvent-based epoxy coating. 
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In this case, the early coating of concrete does not seem to 
undermine the surface characteristics of the concrete. 
The averaged results for the urethane coated specimens. 
are shown in Figure 22. Generally, tnere is not a consistent 
trend in the abraf;>ion resistance for different coating days. 
Aga.in, this leads us to conclude that early coating does not 
adversely affect the concrete surface properties f.or this 
ooating type. In fact, based on a comparison with the 
results for the uncoated specimens, it seems that the coating 
may even enhance the surface characteristics. 
The averaged result~ for the specimens coated with wate.r-
based epoxy are shown in'Figure 23. Once again, the results 
indicate that the early coating had no detrimental effect on 
the concrete surface properties and, in fact, the coating may 
slightly improve them. 
Upon inspection of the averaged results for all coating 
types on specific coating days, shown in Figures 24 - 28, the 
same conclusions as those discussed above can be drawn. It 
is noted that, in g~neral, the results for specimens coated 
with water-based epoxy seem to experience more rapid wear that 
of the other two coating types. Initially, it is not evident 
whether this is ca~sed by the presence of the coating or if it 
is due to the concrete surface properties as they relate to 
the concrete compressive strength. When these averaged 
results are compared to the u~coat~d specimen results shown in 
Figure 28, it can be seen that the coated specimens show 
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better abrasion resistance than that of the uncoated specimens 
:of the same concrete pour, thereby leading us to conclude that 
the water-based epoxy coating is not the cause for this 
apparent lower abrasion resistance. 
"j 
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V. Relative Humidity Monitoring 
T.he ambient relative humidity of the laboratory in which 
the c9ating was performed was monitored before the specimen 
was prepared for coating and immediately after coating was 
These humidity measurements can be • seen in perf.ormed. 
Table 2. It should be noted that the ambient relative 
humidity in the laboratory was not subjected to control, but, 
as shown in Table 2, remained fairly stable throughout the 
research program. 
The surface moisture of the specimen prior to and after 
acid-etch surface preparation was also monitored. The 
average time lapse between surface preparation and the point 
where the surface humidity reading returned to that of the 
initial reading was approximately four hours. 
'\ 
' 
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Chapter 3:: 
Summary 
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I. Conclusions 
Based on the results presented in the previous ~ection, 
it is concluded that coating of concrete prior to the standard 
28-day cure period is a promising possibility. It is 
apparent that early coating does not ad.versely affect the 
condrete strength or abrasion resistance properties of the 
concrete type used in the study. The adhesive properties of 
the c·oatings, however, did· seem to be adversely affected by a 
coating time earlier than approximately 15 days after concrete 
placement. Dtie to the small number of specimens j.ested, 
these results are subject to verification. Nevertheless, 
they do provide a positive inference. F..urther investigation 
is needed to answer additional questions regarding necessary 
conditions before coating· to ensure the integrity of the 
concrete/coating system. Several recommendations for 
inclusion in future research. programs are discussed below. It 
is expected thq.t the results of a thorough inve_stigation will 
yield lower bound acceptability limits, and ultimately, a 
standard test method for determining the suitability of a 
concrete surface for coating. 
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II. Recommendations 
The m()st obvious recoQendation for formulation of a 
future progra-m would be to increase the number and type of 
coatings. It is possible that patterns may appear that make 
different coating types more preferable for early coating· 
applications. The chemistry of each coating .and its 
compatibility with the products of the concrete hydration 
process may come into play. 
Two underlying considerations with regard to coating 
would be that of measurement of blistering· phertomena during 
the coating "drying" process and the measurement of coating 
thickness. 
The concern of coating .blistering is directly 1-inked to 
the amount of moisture egress the concrete· is experiencing. 
Thus, monitoring the egress of water through the concrete is 
recommended. The size of, concrete sp~cimen would be another 
obvio\,ls variation in future investigations: the larger the 
specimen size, the greater the expected moisture egress. 
Additionally, a larger specimen would pro.duce a greater heat 
of nydration, which may have some effect. on the 
coating/concrete sy~tem integrity. 
Several other concrete-related parameters would warrant 
investigation .• Tbese include· concrete strength variation, 
cement type variation, and condrete mixes with additives such 
as superplasticisers. 
Ambient relative· humidity and temperature are two 
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parameters to which both the coating and concrete curing 
proceeses are sensitive. Therefore, their variation should be 
include4 in any future research. 
Only one surface preparation method of many employed by 
the construction practice was investigated in the study 
pres·erited in this paper. It would be advisable to investigate 
several surface preparation techniques, partiGularly those for 
vertic·a1 surfaces and surfaces in contact with form release 
agents, to determine what effect the-y have on concrete/coating 
system integrity. 
I~mersion tests would be an alternative for examining the 
effect of early coating of a concrete placement situated in a 
moist environment, such as a retaining wall or marine pier. 
An investigation of the longevi.ty of an early coating 
application would be a measure of the concrete/doating system 
integrity when compared to that of a standard coating 
application. Subjecting a specimen to accelerated cyclic 
scena:i;:ios, such as freeze-thaw and/or moist-arid conditions, 
may be a means to perform such an investigation. 
Finally, the monitoring and testing ~quipment used in 
future programs should be of- the highest precision 
practicable, in order to minimize sources of error in data 
collection. 
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Figures 
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Figure 1. Elcometer Adhesion Tester 
Figure 2. Elcometer Adhesion Tester 
In Operation 
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Figure 3. Schmidt Hammer Used in 
Rebound Number Test 
Figure 4. Schmidt Hammer in Operation 
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Figure 5. Schematic Diagram of Ball Bearing Abrasion Test Machine (ASTM C779-82)* 
Figure 6. Actual Ball Bearing Abrasion Test Machine Used in Laboratory 
*This figure reproduced with permission of ASTM. 
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Figure 7. Dial Gage Micrometer Measurement 
of Abrasion Wear Depth 
Figure 8. Concrete Specimen Subjected 
to Abrasion Resistance Test 
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Figure 9. Typical specimen Configuratio~ 
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Figure 10. Capped Curing Concrete Cylinders 
in Laboratory 
Figure 11. Sealed Curing Concrete Specimens 
in Laboratory 
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Figure 14. Adhesion Test Failure Modes of 
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Figure 28. Abrasion Test Results Averaged for 
Each Coating Type on Coating Day 21 
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Figure 30. Abrasion Test Results on Coating Day 1 for Solvent-Based Epoxy Coating 
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Figure 31. Abrasion Test Results on Coating Day 3 
for Solvent-Based Epoxy Coating 
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Figure 3 2. Abrasion Test Results on Coating Day 
---C 
..._ 
...c 
+-' a. 
Q) 
0 
C 
0 
CJ) 
ro 
I.... 
..0 
<t 
for Solvent-Based Epoxy Coating 
0: 12 --- · - - ---------· ----- · - ------ -- --·--·-----
0.1- rJ 
0 
0.08 • D 
• D 
0.06 • 
• • 0.04 D 
• 
0.02 · D 
o· ·-·- -r,--- 1-·--..----,---,-- - ·1---~- r----1 
0 1 5 30 45 60 7 5 90 1 05 120 135 150 
Time (sec) 
• 
Specimen 1 
[J 
Specimen 2 
.... 
Specimen 3 
7 
Figure 33. Abrasion Test Results on Coating Day 14 
for Solvent-Based Epoxy Coating 
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Figure 34. Abrasion Test Results on Coating Day 21 
for Solvent-Based Epoxy Coating 
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Figure 35. Abrasion Test Results on Coating Day 1 
for Urethane Coating 
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Figure 36. Abrasion Test Results on Coating Day 3 
for Urethane Coating 
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Figure 37. Abrasion Test Results on Coating Day 7 
for Urethane Coating 
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Figure 38. Abrasion Test Results on Coating Day 
for Urethane Coating 
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Figure 39. Abrasion Test Results on Coating Day 21 
for Urethane Coating 
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Figure 40. Abrasion Test Results on Coatin·g Day 1 
for Water~Based Epoxy Coating 
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Figure 41. Abrasion Test Results on Co~ting Day 3 
for Water-Based Epoxy Coating 
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Figure 42. Abrasion Test Results on Coating Day 7 
for Water-Based Epoxy Coating 
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Figure. 43. Abrasion Test Results on Coating Day 14 
for Water-Based Epoxy Coating 
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Figure 44. Abrasion Test Results on Coating Day 21 
for Water-Based Epoxy Coating 
55 
Tables 
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\.:· 
Table 1. Averaged Estimates bf Percentage of Adhesive 
Failure for Pull-Off Adhesion Tests 
Estimate of Adhesion Test Failure Modes 
Average Solvent-Based Urethane Water-Based Estimate of Epoxy Epoxy Adhesive 
Failure Mode 
on Co~ting 
Days(percent) 
Day 1 93 54 24 
Day 3 27 7 10 
Day 7 20 1 5 
Day 14 6 4 4 
Day 21 28 0 2 
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T~ble 2. Relative Humidity Measurements of Laboratory· Bef.ore and After Coating Appltcation 
Relative Humidity Measurements 
Rel. Humidity Solvent-Based Urethane Wa_ter-Bas.ed Measurements Epoxy Epoxy on Coating 
Days(percent) 
Day 1 Before 55 52 60 After 54 55 57 
Day 3 Before 50 49 47 After 52 50 39 
Day 8 Before 39 64 
--* After 40 67 
---* 
pay 14 Before 50 65 60 After 51 58 58 
Day 21 Befo:re 56 55 20 After 48 60 18 
*No measurements available. 
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